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The hand hygiene practices of food handlers at a university dining facility (UDF) before and after an
educational campaign on hand hygiene were evaluated. The study was performed from June to
December 2010, and employed an observation period of 4 h per day during the morning, afternoon and
evening shifts, resulting in a total observation time of 543 h. A total of 1960 instances requiring hand
hygiene were recorded. No instructions were provided to the food handlers during observations, and
they had no knowledge of the study. The overall adherence rate was 11% (216/1960), with a rate of 7%
(72/1060) before the educational campaign and 16% (144/900) afterwards (P < 0.001). However, the short
duration of the follow-up period in the present study means the long-term effectiveness of the campaign
remains uncertain. Rubbing of dorsal ﬁngers, thumbs and ﬁngertips, especially by kitchen assistants,
were the most neglected steps of the technique. The average time spent on hand hygiene before and after
the campaign, and its standard deviation, were 12.89 ± 7.25 s and 18.69 ± 13.72 s (P < 0.0001),
respectively. The results revealed a low overall rate of adherence to hand hygiene, and a general failure to
execute the technique. The educational campaign resulted in a signiﬁcant increase in adherence to hand
hygiene before handling food (8% versus 38%; P < 0.001). However, it did not result in increased
adherence to hand hygiene during and after contact with food, suggesting that food handlers are not yet
aware of the importance of hand hygiene in food preparation. Although the time spent on hand hygiene
after the educational campaign increased signiﬁcantly, it remained unsatisfactory. The time the food
handlers spent on hand hygiene was slightly below the minimum recommended time of 20 s, except for
the cook.
© 2015 Elsevier Ltd. All rights reserved.1. Introduction
Hand hygiene is considered one of themost effectivemethods of
preventing foodborne diseases because many of those diseases are
caused by microorganisms transmitted by the contaminated hands
of food handlers (Ali, Verrill& Zhang, 2014; Guzewich& Ross, 1999;
Michaels et al., 2004; Todd, Greig, Bartleson, & Michaels, 2007).
However, studies have shown that there is a low rate of adherenceias Basicas da Saúde, Uni-
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arcia), mcbtognim@uem.brto the recommended practices of hand hygiene by food handlers
during food preparation (Allwood, Jenkins, Paulus, Johnson &
Hedberg, 2004; Clayton & Grifﬁth, 2004; FDA, 2000; Green et al.,
2006; Robertson, Boyer, Chapman, Eifer, & Franz, 2013).
To protect the health of the population against diseases caused
by consumption of contaminated food, sanitary authorities around
the world have established rules and recommendations empha-
sizing hand hygiene to ensure hygienic-sanitary conditions in food
handling (Brasil, 2004; FDA, 2009; WHO, 2006).
For example, the United States Food and Drug Administration
(FDA) has established recommendations in their Food Code and
included situations during food preparation in which the hands
should be sanitized to prevent food contamination (FDA, 2009). The
World Health Organization (WHO) also published the “Five Keys to
Safer Food Manual” in which they emphasize the hand hygiene
practices of food handlers before food preparation as well as during
D.B. do Prado et al. / Food Control 57 (2015) 35e4036and after the entire handling process to prevent food contamina-
tion (WHO, 2006).
In Brazil, the Resolution RDC number 216 of the National Agency
of Sanitary Vigilance (Age^ncia Nacional de Vigila^ncia Sanitaria e
ANVISA) provides for the technical regulation of sanitary practices
for food services. The resolution also determines that food handlers
must wash their hands thoroughly upon arriving at work, before
and after handling food, after any work interruption, after touching
contaminated material, after using the toilet and whenever
deemed necessary. The resolution also establishes that posters
should be posted in easy to view places, including the toilet and
lavatories, to guide food handlers in the proper hand washing and
antisepsis techniques, as well as other hygiene habits (Brasil, 2004).
A systematic study on the hand hygiene practices of food han-
dlers was not found for Brazil; however, there are reports that food
handlers rarely wash their hands when they enter the kitchen or
during food preparation and that hand hygiene, when performed, is
improperly executed (Almeida, Kuaye, Serrano, & Almeida, 1995;
Andrade, Silva, & Brabes, 2003; Campos et al., 2009).
In the current study, we evaluated the hand hygiene practices
(i.e., adherence to hand hygiene practice, technique execution, time
and products used) of food handlers of a university dining facility
before and after an educational campaign on hand hygiene.
2. Material and methods
2.1. Experimental design
We performed a direct prospective observational study to
evaluate the hand hygiene practice, including the adherence to
hand hygiene practices and execution of proper techniques, of the
food handlers in a university dining facility before and after an
educational campaign on hand hygiene. The current study was
approved by the university's Ethics Committee in Research. The
food handlers who participated in the training as volunteers signed
a consent form, and the lecture and practical training lasted 4 h.
2.2. Study site
This study was carried out at a university dining facility (UDF) in
the northwest of the state of Parana. The UDF staff consists of 48
employees, including 4 cooks and 36 kitchen assistants, 4 internal
security agents, 2 administrative technicians, 1 boiler operator and
1 nutritionist. During the study period, 2300 meals were produced
on average per day, with 300 for breakfast, 1500 for lunch and 500
for dinner.
The area where the meals were produced in the UDF had two
sinks for hand hygiene by the food handlers. One sink was located
at the unit entrance, which had a dispenser for non-medicated
liquid soap and an alcohol gel dispenser. The other sink was
located in the meal preparation area (preparation of rice and
beans), and it also had a liquid soap dispenser. The UDF dining area
had six sinks for the hand hygiene of the consumers, with three at
the “A” entrance and three at the “B” entrance. Each sink had paper
towels, a dispenser for non-medicated liquid soap, dispenser for
alcohol gel and poster that shows the proper hand hygiene tech-
nique. The taps were manual, without sensors. At the exit of the
UDF, there was an alcohol gel dispenser.
2.3. Observational study
The direct prospective observational studywas performed in the
areas of pre-preparation, preparation and distribution of the UDF,
including the following sectors: (i) preparation of meat, grains,
fruits and vegetables; (ii) pre-preparation of coffee, rice, beans,entree, lunch boxes and juice; (iii) area where the food is tempo-
rarily stored after preparation and distribution. The population that
was investigated in the current study consisted of cooks and
kitchen assistants for a total of 40 food handlers. The current study
was conducted from June to December 2010.
Adherence to the practice of hand hygiene and the execution of
hand hygiene techniques by food handlers were evaluated in the
following hand hygiene indication situations: (i) when the food
handler arrived at work (kitchen), including areas of food pre-
preparation, preparation and distribution; (ii) before and after
food preparation; (iii) after any work interruption; (iv) after
touching any body part except for the arms and hands; (v) after
touching contaminated materials; and (vi) after using the toilets.
The rate of adherence to hand hygiene was calculated by dividing
the number of hand hygiene actions performed when an oppor-
tunity existed (i.e. hand hygiene indication) by the total number of
hand hygiene opportunities.
The observation period was approximately 5 h per day,
distributed during the morning, afternoon and night shifts and
included the pre-preparation, preparation and food distribution
sectors for a total of 543 h of observation. The time spent on hand
hygiene and using the products were also recorded. During the
observations, no instructions were given to the food handlers and
they had no knowledge of the project.
2.4. Hand hygiene technique
The hand hygiene technique was considered adequate when the
hands were rubbed over the palms, interdigital spaces, joints, ﬁn-
gernails, ﬁngertips and wrists according to the technique recom-
mended by the Ministry of Health of Brazil (Brasil, 2007). To
evaluate the proper hand hygiene, the execution of the seven step
technique was observed: (1) rubbing the palms of hands together;
(2) rubbing of the right palm over the left dorsum with interlaced
ﬁngers and vice versa); (3) rubbing the palm of both hands together
with the ﬁngers interlaced; (4) rubbing the back of the ﬁngers of
one hand with the palm of the opposite hand (and vice-versa) and
interlacing the ﬁngers; (5) rubbing the right thumb with left palm
(and vice-versa) using a circular motion; (6) rubbing the ﬁngertips
and ﬁngernails of the left hand against the right palm (and vice-
versa) using a circular motion; (7) rubbing the left wrist with the
aid of the ﬁngers and palm of the right hand (and vice-versa) using
a circular motion (Brasil, 2007).
2.5. Hand hygiene before the educational campaign
The adherence to hand hygiene practices and execution of
techniques by the food handlers were recorded by one of the au-
thors of the present study (DBP) under the conditions described in
section 2.3. The observational study was conducted from June 23 to
October 26, 2010, and each observation period lasted for approxi-
mately 5 h per day and was distributed across the morning, after-
noon and night shifts. The observations were performed in the pre-
preparation, preparation and distribution sectors for a total of
343 h. The time spent on hand hygiene and using the products were
also recorded.
2.6. Educational campaign on hand hygiene
On November 5, 2010, a lecture on the hand hygiene educational
campaign was performed and the importance of hand hygiene,
techniques and recommendations for hand hygiene in food service
facilities was emphasized. Immediately after the lecture, a practical
training program to illustrate the effect of hand hygiene in reducing
the microbiota on hands was performed as described below.
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plate, which contained 3% of agar (Difco-BBL, Sparks, MD, USA)
using the ﬁnger-streak technique. This involved using a marker to
mark the back of the plate with a line parallel to the plate diameter,
and located approximately 2.5 cm from the edge of the plate. Next,
this line was marked with an “x,” and the thumbs were sampled in
this area. The index ﬁnger was sampled just below the line,
perpendicular to the area marked with an “x”, and the remaining
ﬁngers were individually sampled beside the line in the following
sequence: middle ﬁnger, ring ﬁnger and little ﬁnger. Sampling was
performed by gentle pressure of the ﬁngertip on the surface of the
tryptic soy agar plate for 3 s, which was followed by streaking for
one to 2 s. The plates were incubated at 37 C for 24e48 h (Fig. 2).
Four of the food handlers that were invited to participate in the
study had their ﬁngertips sampled under the following experi-
mental conditions: (i) without washing hands and after hand hy-
giene with soap and water; (ii) without washing hands and after
antiseptic hygiene with chlorhexidine (iii) without washing hands
and after hand antisepsis with ethyl alcohol; and (iv) without
washing hands after handling refrigerated chicken meat and after
hand hygiene with soap and water (Fig. 2). To sample the ﬁngers
after hand washing with chlorhexidine, 1% sodium thiosulfate so-
lution, 1% Tween 80 and 0.5% soy lecithinwere added to the culture
media to neutralize the residual effect of the chlorhexidine. The
Petri dishes that had been incubated at 37 C for 24e48 h were
shown to the food handlers, and the microbial growth results were
discussed. The food handlers who participated in the training as
volunteers signed a consent form, and the lecture and practical
training lasted 4 h.
2.7. Hand hygiene after the educational campaign
The direct observational study to assess the adherence to hand
hygiene practices and execution of the techniques was conducted
by two of the authors of the present study (DBP, APB) using an
identical method, which was described before the campaign (sec-
tion 2.5). The study was conducted from November 8 to December
17, 2010 with observations 7 h per day for a total of 200 h.
2.8. Statistical analysis
To determine if there was a signiﬁcant difference between
adherence to hand hygiene practice and performance of the steps ofFig. 1. Execution of the technique's steps in 216 hand hygiene observations of food handler
kitchen assistant) and showing results before and after the hand hygiene educational campa
3, kitchen assistant; step 5, cook; step 6, cook; and step 7, cook and kitchen assistant. A dethe technique before and after the campaign (H1: pA < pD; where pA
is the proportion of hand hygiene before the campaign and pD is the
proportion of hand hygiene after the campaign) and hand hygiene
that occurs as a result of a hand hygiene opportunity, a one-sided
statistical test to compare proportions using the software R and
command prop.test was performed. To evaluate the difference be-
tween the time spent performing the hand hygiene technique
before and after the campaign, Bartlett's test was initially used to
verify if the variance of the two groups was statistically equal, and
then Student's t-test was performed using the commands bar-
tlett.test() and t.test() in R (Newcombe, 1998a, 1998b; Pagano &
Gauvreau, 2004; R Development Core Team, 2010; Wilson, 1927).3. Results
The adherence to hand hygiene by the UDF food handlers is
shown in Table 1 and distributed by occupational category before
and after the educational campaign on hand hygiene. In total, 1960
opportunities for adherence to hand hygiene were registered, and
the overall rate of adherence before and after the educational
campaign was 6.79% (72/1060) and 16% (144/900), respectively,
which represented a statistically signiﬁcant difference (P < 0.0001).
The educational campaign promoted an increase in adherence to
hand hygiene before food handling (8.01% versus 38.25%;
P< 0.0001) for the cooks and kitchen assistant categories. However,
no signiﬁcant differences were observed (P < 0.05) in adherence to
hand hygiene during and after handling food.
Based on the speciﬁc activities performed by the food handlers
of the UDF during or after handling food, the following adherence
rates to hand hygienewere registered (i.e., situations inwhich hand
hygiene is required): 16.6% (6/36) when handling dirty equipment;
14.5% (24/165) when donning gloves (i.e., hand washing before and
after donning gloves); 14% (8/60) after answering the landline or
mobile phone; 10% (21/212) after eating, drinking, coughing or
sneezing; 8.3% (3/36) during preparation of raw food (e.g., meat,
chicken, ﬁsh and vegetables that were not washed); and 2% (3/145)
after touching the face or hair.
Fig. 1 shows the execution of the hand hygiene technique steps
by the food handlers before and after the educational campaign.
Step 1 (rubbing the palms together) was performed by all of the
food handlers. After the educational campaign, a signiﬁcant dif-
ference was not observed in the execution of step 4 (rubbing thes of the university dining facility (UDF) distributed by occupational category (i.e., cook,
ign (Y axis, percentage). *signiﬁcant difference (P < 0.05): step 2, kitchen assistant; step
scription of the steps of the hand hygiene technique is provided in the text.
Fig. 2. Hand sampling by the ﬁnger-streak technique on a trypticasein soy agar surface with an agar ﬁnal concentration of 3%. A, sampling of hands after handling refrigerated
chicken meat. B, sampling of hands after hygiene with soap and water. Fingers: 1 ¼ thumb; 2 ¼ index ﬁnger; 3 ¼ middle ﬁnger; 4 ¼ ring ﬁnger; and 5 ¼ little ﬁnger.
Table 1
Adherence to hand hygiene practices by the food handlers of the university dining facility (UDF), distributed according to occupational category and showing results before and
after the educational campaign for hand hygiene practice.
Occupational category opportunities (N ¼ 1960) Hand hygiene P-Value*
Before the campaign After the campaign
Before handling food
Cook 23/94a (24.47%) 60/128 (46.87%) 0.0005
Kitchen assistant 10/318 (3.14%) 49/157 (31.21%) <0.0001
Total (697): 33/412 (8.01%) 109/285 (38.25%) <0.0001
During handling foodb
Cook 12/81 (14.81%) 18/168 (10.71%) 0.7653
Kitchen assistant 4/127 (3.15%) c/152 e
Total (528) 16/208 (7.69%) 18/320 (5.62%) 0.7776
After handling food
Cook 11/113 (9.73%) 5/118 (4.24%) 0.9170
Kitchen assistant 12/327 (3.67%) 12/177 (6.78%) 0.0892
Total (735) 23/440 (5.23%) 17/295 (5.76%) 0.4412
*Signiﬁcant at P < 0.05.
a Numerator, number of executed hand hygiene instances; Denominator, number of opportunities observed.
b Activity interruptions, such as touching the face or hair, using the phone, eating, drinking, coughing, sneezing and handling contaminated equipment.
c Hygiene not performed.
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(and vice-versa) and interlacing the ﬁngers).
The campaign promoted a signiﬁcant increase in the execution
of steps 2 (rubbing of the right palm over the left dorsum with
interlaced ﬁngers, and vice versa) and 3 (rubbing the palms of both
hands together with ﬁngers interlaced) in the kitchen assistant
category (P ¼ 0.0266 and P ¼ 0.0318); steps 5 (rubbing the right
thumb with the aid of the left palm (and vice-versa) and using a
circular motion) and 6 (rubbing the ﬁngertips and ﬁngernails of the
left hand against the palm of the right hand (and vice-versa) using a
circular motion) in the cook category (P < 0.0001 and P ¼ 0.0024);
and step 7 (rubbing the left wrist with the aid of the right hand
ﬁngers and palm using a circular motion) in both the cook
(P ¼ 00024) and kitchen assistant categories (P ¼ 0.0058).
Before the educational campaign, the time spent on hand hy-
giene ranged from 5 to 38 s for the cooks and 3e25 s for the kitchen
assistants. After the educational campaign, the time ranged from 5
to 60 s for both the cook and the kitchen assistant categories.Table 2
Time spent on the hand hygiene technique by the food handlers of the UDF in 216 hand
Occupational category Before the campaign time (s) average (SD)
Cook 14.42 (7.75)
Kitchen assistant 10.00 (5.20)
Total: 12.89 (7.25)As shown in Table 2, the average time spent on hand hygiene by
the food handlers before and after the educational campaign and its
standard deviation were 12.89 ± 7.25 and 18.69 ± 13.72 s
(P < 0.0001), respectively. After the campaign, only the cook cate-
gory showed an increase in the average time spent on hand hygiene
to over 20 s.
The hand hygiene educational campaign was attended by 50%
(20/40) of the food handlers of the UDF, including two cooks and 18
kitchen assistants. The results of practical training illustrated the
effects of hand hygiene in reducing microbiota, as follows: (i)
ﬁngertip streaks before and after washing with water and soap
revealed 624 and 40 bacterial colonies, respectively; (ii) for hand
hygiene with chlorhexidine, there was conﬂuent and semi-
conﬂuent growth on most of the ﬁngers sampled before washing,
while a growth of 23 colonies was observed after hygiene with
chlorhexidine; (iii) 267 colonies and one colony, respectively, were
observed before and after antisepsis with ethyl alcohol; (iv) after
handling chicken meat, ﬁngertip streaks resulted in the growth ofhygiene observations.
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this number was reduced to 56 colonies (Fig. 2). In all cases, more
bacterial colonies were observed on the ﬁnger samples before hand
hygiene was performed.
4. Discussion
The adherence to the hand hygiene recommendations can be
evaluated in practice using different methods, such as a traditional
checklist and self-assessment questionnaire to calculate the con-
sumption of the products used in hand hygiene and classic direct
observational study and its adaptations (e.g., notational analysis,
use of smartphone) (Clayton & Grifﬁth, 2004; Sax et al., 2009; Seo,
Miller, & Behnke, 2010). In the current study, we used the direct
observation method because it is considered the reference method
for assessing adherence to hand hygiene by healthcare pro-
fessionals and is the only procedure that evaluates the quality of the
hand hygiene technique (Hass & Larson, 2007).
However, a major limitation of the observational study was the
“Hawthorne Effect” (i.e., when the person is aware of being
observed, they can modify their behavior and alter the study re-
sults) (Sax et al., 2009; Seo et al., 2010). The strategy used in our
study to minimize or avoid the “Hawthorne Effect” was to intro-
duce the observers (DBP and APB) at the UDF as graduate students
of nutrition. To remain inconspicuous, DBP and APB assisted in
several tasks in the routine preparation of food at the dining facility.
We believe that this strategy was successful because DBP and APB
were never asked by the food handlers to explain their activities at
the dining facility.
Most of the studies on the adherence to hand hygiene has been
performed by healthcare professionals, and these studies have
shown that adherence remains at an unacceptably low level, with
adherence rates usually below 50% in most of the hospitals (Boyce
& Pittet, 2002). Adherence to hand hygiene in food service facilities
has been poorly investigated, with studies showing an overall
adherence rate of 48% (Robertson et al., 2013), 19% (FDA, 2000), 31%
(Clayton & Grifﬁth, 2004), 27% (Green et al., 2006) and 48%
(Allwood et al., 2004).
The low average rate of adherence to hand hygiene of 11% (216/
1960) observed in the current study may partially be explained by
the inadequate infrastructure in certain sectors of the UDF. For
example, the absence of sinks in the meat preparation sector and
lack of training courses and refresher courses for the food handlers
offered by the institution. We were told that the last course was
taught seven years ago. The poor adherence to the hand hygiene
technique may also be explained by the fact that only half of the
food handlers (20/40) of the UDF participated in the educational
campaign, which included the practical demonstration of the
reduction of transient skin microbiota of hands by the antiseptic
agents.
In our study, despite the low overall rate of observed adherence,
the educational campaign increased the practice of hand hygiene
by the food handlers by more than 100% (6.79% versus 16%). How-
ever, in the present study the follow-up evaluation was carried out
only ﬁve weeks after the lecture and training. This means the long-
term effectiveness of the campaign remains uncertain. Although
the educational campaign stimulated adherence to hand hygiene
before handling food (8% versus 38%; P < 0.0001), it did not promote
increased adherence to hand hygiene during and after contact with
food, suggesting that food handlers are not yet aware of the
importance of hand hygiene in food preparation. These ﬁndings
show the need to develop alternative educational strategies to
encourage adherence to hand hygiene by food handlers. For
example, training courses on hand hygiene techniques should be
provided to new employees and educational campaigns on handhygiene should be performed at least once a year. Short- and
medium-term goals should be established for hand hygiene
adherence, and permanent monitoring of adherence rates through
direct observational study could also be included as a strategy to
encourage adherence to hand hygiene practice by the food
handlers.
Researchers have investigated the speciﬁc aspects of the hand
washing techniques or personal hygiene activities of food handlers
during their workday, and they found low rates of adherence to
hand hygiene. For example, Clayton and Grifﬁth (2004) reported
that only 9% (25 of 274) of the food handlers sanitized their hands
after touching their face or hair and 14% (68 of 486 food handlers)
washed their hands when entering the kitchen. In our study, we
also observed low adherence rates to personal hygiene practices by
the food handlers. However, it is important to highlight the negli-
gence of hand hygiene practices before and after donning gloves
and during the preparation of raw meat because both activities are
essential in the cross-contamination of food, particularly when
hand hygiene is neglected or improperly performed (Michaels et al.,
2004; Todd et al., 2007).
Adherence to hand hygiene is crucial for reducing foodborne
diseases (FBDs) (Pragle, Harding, & Mack, 2007). However, few
studies have investigated the quality of hand hygiene techniques,
and most related studies are focused on healthcare services (Gould
& Drey, 2008; Hass& Larson, 2007; Szilagyi et al., 2013). The failure
to perform hand hygiene techniques can result in cross-
transmission of pathogenic microorganisms in food service facil-
ities and consequently increase FBDs.
In the current study, rubbing the dorsum of the ﬁngers, thumb
and ﬁngertips (i.e., steps 4, 5 and 6, respectively, of the hand hy-
giene technique) were the most neglected steps, particularly by the
kitchen assistants. A positive aspect of the educational campaign in
our study was the signiﬁcant improvement in the quality of the
hand hygiene technique, particularly step 5 by the groups of cooks.
In the educational campaign, the impact of the hand hygiene
practical training in reducing the microbiota on hands should be
emphasized (Fig. 2). Among the antiseptic agents used in the
practical training, ethyl alcohol showed a greater effectiveness and
reduced microbiota on the hands by 99.62%. Hand washing with
water and soap removed approximately 90% of the microbiota.
These results are consistent with several other studies that showed
the increased effectiveness of alcohol preparations in hand hygiene
compared with soap and antiseptics agents (Boyce & Pittet, 2002;
Brasil, 2009; Guzewich & Ross, 1999).
The ﬁnger-streak technique on the surface of the agar nutrient
used in the present study was an adaptation of the technique
originally described by Smylie, Webster, and Bruce (1959), who
took a sampling of the ﬁngertips of the index ﬁnger, middle ﬁnger,
ring ﬁnger and little ﬁnger of each hand in four parallel rows on the
surface of the nutritive media using conventional 100  15-mm
plates. The adaptation of the sampling technique that was used in
the current study has been successfully used in our laboratory in
several studies and hand hygiene courses (Silva et al., 2012).
While the educational campaign also promoted a signiﬁcant
increase in the time spent on hand hygiene by food handlers,
including kitchen assistants and cooks, the average time spent
remained unsatisfactory (12.89 s before the campaign versus 18.69 s
after the campaign). However, when only cooks were considered,
the educational campaign resulted in an average increase in time
spent on hand hygiene of 23 s.
In the United States, the FDA recommends that hand hygiene in
food service facilities should be performed with soap and water for
at least 20 s, including vigorous hand rubbing for 10e15 s (FDA,
2009). In Brazil, the Resolution RDC number 216 of ANVISA and
“Guidelines on Good Practices for Food Service Facilities”
D.B. do Prado et al. / Food Control 57 (2015) 35e4040emphasize that proper hand washing should last more than 20 s
and include rubbing the palm and dorsum of the hands, nails,
ﬁngers and interdigital spaces with soap and water for approxi-
mately 15 s (Brasil, 2004).
In conclusion, the results of the current study showed a low
adherence of the food handlers to hand hygiene practices and ﬂaws
in the execution of the technique. The educational campaign pro-
moted a signiﬁcant increase in the overall rate of adherence to hand
hygiene (7% versus 16%; P < 0.001), and it also promoted an increase
in the adherence to hand hygiene before food handling (8% versus
38%; P < 0.001). However, it did not promote an increased adher-
ence to hand hygiene during and after contact with food, sug-
gesting that food handlers are not yet aware of the importance of
hand hygiene in food preparation. There was a signiﬁcant increase
in the time spent on hand hygiene after the educational campaign
(12.89 versus 18.69 s; P < 0.0001), although it remained unsatis-
factory. The results of the present study show that a single educa-
tional campaign about hand hygiene was not enough to make food
handlers aware of the importance of hand hygiene in food services.
Therefore, to improve hand washing compliance, educators and
foodservice managers need to use multiple strategies, including
training and education, monitoring of hand hygiene compliance
and performance feedback, and the application of knowledge from
areas such as behavioral and social science to change the behavior
of food workers.
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